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Abstract 
Recently, China is enhancing the agricultural mechanization. Meanwhile, the agricultural energy consumption is 
rising along with it. So many scholars are paying their attention on the energy consumption of Chinese agriculture 
sector. This paper is based on the data of the energy consumption of Chinese agriculture in 1991-2008. First, the 
present situation about the energy consumption of Chinese agriculture is analyzed. Then the DoseResp growth curve 
is used for the energy scenario analysis of the future trend about the energy consumption of Chinese agriculture. The 
results of the research indicate that firstly the energy consumption of Chinese agriculture conforms to the DoseResp 
growth curve. Secondly, according to the energy scenario A, the peak value of the energy consumption of Chinese 
agriculture is 148.73948 million-tons TCE in 2065. Thirdly, according to the energy scenario B, the peak value of the 
energy consumption of Chinese agriculture is 205.52559 million-tons TCE in 2067. 
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1.  Introduction 
Agriculture is the foundation of the national economy. As a result of the Chinese economic 
development and the mechanization of Chinese agriculture, the energy consumption of Chinese agriculture 
is rising quickly year after year. In 1991, the energy consumption of Chinese agriculture was 38.157 
million-tons TCE. But in 2008, it had risen to 60.131 million-tons TCE [1]. In less than twenty years, it had 
increased by 57.59%. Now, China is in the crucial period of economic development, and energy has 
become a restriction of it. So an analysis of present situation and future trend about the energy 
consumption of Chinese agriculture sector is certainly helpful for the agricultural policy. 
Now, some scholars have studied the agricultural energy consumption. There are two kinds of methods 
to analyze the agricultural energy consumption. One method is to use the analytic theory of the energy 
scenario. First, the agriculture is divided according to the procedure or the product. Then the different 
energy scenarios are set on the basis of the procedure’s or the product’s energy consumption. Finally, the 
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future energy consumption is forecast in the different energy scenarios. For example, Debendra C. Baruah 
and Ganesh C. Bora analyzed the India agricultural energy consumption by using the energy scenarios [2]. 
They set four different energy scenarios according to the agricultural procedure. But C. L. Thakur and G. R. 
Makan set energy scenarios by the agricultural product [3]. Although many people use the analytic theory 
of energy scenario to analyze the agricultural energy consumption, it can only give the energy 
consumption’s value in some time spot. This method could not show us the change trend, and the setting of 
energy scenarios is also subjective. So the energy consumption’s value could not reflect the fact precisely. 
 The other method is to use the input-output model. This method inputs some parameters that are 
relative to the energy consumption, and outputs the energy consumption. The input-output model reflects 
the relationship of the inputs and the output. For instance, Burhan Ozakan, Handan Akcaoz and Cemal Fert 
used the input-output model to analyze the agricultural energy consumption. In their study, the inputs in the 
calculation of energy use in agriculture included both human and animal labor, machinery, electricity, 
diesel oil, fertilizers, seeds, and 36 agricultural commodities were included in the output total. And energy 
values were calculated by multiplying the amounts of inputs and outputs by their energy equivalents with 
the use of related conversion factors [4]. Osman Karkacier and Z. Gokalp Goktolga analyzed the structural 
interdependency of the agricultural sector and energy sectors in Turkey. The input-output model used in 
their study was an accounting system showing economic transactions. And the relationships between 
agriculture and energy could be expressed in concept [5]. The input-output model’s method depended 
largely on the values of the inputs. The value of the output may change great, even if the values of the 
inputs change little. 
Firstly, this paper analyzes the energy consumption of Chinese agriculture and finds that the energy 
consumption of Chinese agriculture conforms to the DoseResp growth curve. Secondly, according to the 
data of the energy consumption of Chinese agriculture from 1991 to 2008, the paper uses the DoseResp 
growth curve to analyze the energy scenario about the energy consumption of Chinese agriculture. Finally, 
the trend of the energy consumption of Chinese agriculture is described until 2100. 
2. Methodoly 
2.1. DoseResp Growth Curve 
A growth curve is an empirical model of the evolution of a quantity over time. Growth curves are 
widely used in biology for quantities such as population size, body height or biomass. Values for measured 
property can be plotted on a graph as a function of time. Growth curves are employed in many disciplines 
besides biology, particularly in statistics, which has an extensive literature on growth curves. In 
mathematical statistics, growth curves are being continuous stochastic processes, e.g. as being sample 
paths that almost surely solve stochastic differential equations [6]. 
The mathematical equation of the DoseResp growth curve is given as following. 
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In the equation, LOGX0, P and A2 are the parameters. X is the representation of the time. When Y goes 
to the infinitely great number, A2 is the limit.  
In the above equation, LOGX0 and P are the nonlinear parameters. So they can not fit like the 
polynomial. But we can use least square method to estimate their values. We transform the mathematical 
model of the DoseResp growth curve into the linear model. And then we can get the values of LOGX0 and 
P by using the statistical data and the least square method. Finally, we can get the values of A1 and A2 
according to the fitted curve. 
1402  Yanzheng Lu et al. / Procedia Environmental Sciences 11 (2011) 1400 – 1406
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
 
2.2. Scenario Analysis Model 
Scenario analysis, also called scenario planning or scenario thinking, is a strategic planning method that 
some organizations use to make flexible long-term plans [7]. The analysis is designed to allow improved 
decision-making by allowing consideration of outcomes and their implications. 
For example, in economics and finance, a financial institution might attempt to forecast several possible 
scenarios for the economy (e.g. rapid growth, moderate growth, slow growth) and it might also attempt to 
forecast financial market returns (for bonds, stocks and cash) in each of those scenarios. It might consider 
sub-sets of each of the possibilities. It might further seek to determine correlations and assign probabilities 
to the scenarios (and sub-sets if any). Then it will be in a position to consider how to distribute assets 
between asset types (i.e. asset allocation); the institution can also calculate the scenario-weighted expected 
return (which figure will indicate the overall attractiveness of the financial environment). It may also 
perform stress testing, using adverse scenarios.  
Depending on the complexity of the problem scenario analysis can be a demanding exercise. It can be 
difficult to foresee what the future holds (e.g. the actual future outcome may be entirely unexpected), i.e. to 
foresee what the scenarios are, and to assign probabilities to them. The outcomes can be modeled 
mathematically/statistically e.g. taking account of possible variability within single scenarios as well as 
possible relationships between scenarios. In general, one should take care when assigning probabilities to 
different scenarios as this could invite a tendency to consider only the scenario with the highest probability 
[8]. 
3. Data Source and Parameter Setting 
The data source is from the eleventh five years’ plan and the 2020’s long-range plan, which are made 
by the development research center of the State Department. The analysis is based on the report of the 
energy supply’s pattern. Firstly, the current energy consumption of Chinese agriculture is essential for the 
analysis. And the annual decline condition of the Chinese agricultural energy intensity is prepared as 
reference. Finally, the decline ratios of the energy intensity from 2010 to 2050 are set. The decline ratio of 
the energy scenario A is 1.5% and the energy scenario B is 1%. TableⅠis the energy consumption of 
Chinese agriculture from 2010 to 2050. 
TABLE I.  THE FORECAST OF THE ENERGY CONSUMPTION OF CHINESE AGRICULTURE(UNIT: MILLION-TON TCE) 
Year 2010 2020 2030 2040 2050 
Scenario A 78 98 117 134 147 
Scenario B 82 108 136 164 189 
 
The energy scenario A and B are fitted by using the DoseResp growth curve. Then the calculating 
values of A1, A2, LOGX0, P and R2 are obtained. In the table II, the values of R2 are both larger than 0.97. 
So it illustrates that the fitted results of the DoseResp growth curves are fine and the fitted curves have high 
precision. 
TABLE II.  THE CALCULATING VALUES OF A1,  A2, LOGX0, P AND R2 
Parameter A1 A2 LOGX0 P R2 
Scenario A 18.32414 148.73948 2015.111 0.039 0.97945 
Scenario B 13.429 205.52559 2021.386 0.03278 0.98583 
 
In the table II, the energy consumption’s peak value of scenario A is 148.73948 million-tons TCE, and 
the energy consumption’s peak value of scenario B is 205.52559 million-tons TCE. 
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4. Interpretation of Results 
4.1. Empirical analysis 
According to China energy statistical yearbook 2009, we obtain the data about the energy consumption 
of Chinese agriculture from 1991 to 2008. Figure 1 indicates that the energy consumption of Chinese 
agriculture was 38.157 million-tons TCE in 1991. And it was 39.138 million-tons TCE in 2000. From 1991 
to 2000, the energy consumption was in a stable phase. Figure 1 also indicates that the energy consumption 
of Chinese agriculture was 41.152 million-tons TCE in 2001. But it was 60.131 million-tons TCE in 2008. 
From 2001 to 2008, the energy consumption was rising quickly. 
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Figure 1.  The energy consumption of the Chinese agriculture and its energy compositions from 1991 to 2008. 
Figure 1 shows that the trend of petroleum is similar with the total trend. They were both in a stable 
developing phase from 1991 to 2000. The petroleum energy consumption was about 15 million-tons TCE. 
And the total energy consumption was about 37 million-tons TCE. But from 2001 to 2008 both of them 
rose quickly. The petroleum energy consumption rose from 19 million-tons TCE in 2001 to 27 million-tons 
TCE in 2008. In 2006, the petroleum energy consumption reached its peak value, 32 million-tons TCE. 
The total energy consumption rose from 41 million-tons TCE in 2001 to 60 million-tons TCE in 2008. In 
2006, the total energy consumption reached its peak value, 63 million-tons TCE. From 2001 to 2008, both 
petroleum and total energy consumption doubled. 
In figure 1, although the electricity energy consumption takes the smallest proportion of the total 
energy consumption, it has been growing steadily. The electricity energy consumption was about 6 
million-tons TCE in 1991 and it was accounted for 6.47%. But in 2008, the electricity energy consumption 
was about 16 million-tons TCE and it was accounted for 26.26%. Coal energy consumption experienced a 
bit down from 1998 to 2003. But in 2004, it returned to the 1991’s energy consumption level. From 2004 
to 2008, the coal energy consumption was about 16 million-tons TCE. From 1998 to 2003, the State 
Council shut down the small coal mines. So the productivity of coal declined and the coal energy 
consumption experienced a bit down from 1998 to 2003. 
According to the character of the developing process, the DoseResp growth curve is chosen to fit the 
data of the energy consumption. Figure 2 indicates that the DoseResp growth curve fits finely. According 
the developing process of the developed counties, the energy consumption of the Chinese agriculture will 
reach its peak gradually, and then fall into a relatively stable phase. The developing processes of the 
agricultural energy consumption of the developed countries are mostly similar with the DoseResp growth 
curves. And up to 2008, the energy consumption of the Chinese agriculture corresponded with the 
DoseResp growth curve. So the DoseResp growth curve is adopted to analyze the energy consumption of 
the Chinese agriculture. 
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Figure 2.  DoseResp fit of the energy consumption of the Chinese agriculture. 
4.2. Forecasting results analysis 
According to the previous values of A1, A2, LOGX0, P and R2, the trend of the agricultural energy 
consumption can be analyzed before it reaches its peak in different energy scenarios. And after its peak, it 
will descend gradually to a stable level for 30 years with reference to the developed countries’ experience. 
The figure 3 shows the Chinese agricultural energy consumption in two different energy scenarios until 
2100. 
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Figure 3.  The trend of the energy consumption of Chinese agriculture. 
According to the figure 3, in the energy scenario A, the peak value of the energy consumption will 
appear in the year of 2065. And the peak value of the energy consumption is 148.73948 million-tons TCE. 
When the curve returns to a stable phase, the value is as large as 120 million-tons TCE. And the value of 
the energy consumption was 60.13 million-tons TCE in 2008. So the energy consumption of the stable 
phase will be 2 times as large as the 2008’s. 
In the energy scenario B, the peak value of the energy consumption will appear in the year of 2067. 
And the peak value of the energy consumption is 205.52559 million-tons TCE. When the curve returns to a 
stable phase, the value is as large as 180 million-tons TCE. And the value of the energy consumption was 
60.13 million-tons TCE in 2008. So the energy consumption of the stable phase will be 3 times as large as 
the 2008’s. 
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5. Conclusion 
This paper is based on the data of the energy consumption of Chinese agriculture from 1991 to 2008. 
The DoseResp growth curve is adopted to analyze the energy consumption before its peak value. 
According to the related plans about the Chinese energy development, the agricultural energy scenarios are 
set. Then the falling levels with reference to the agricultural energy scenarios are assumed. So the data of 
the agricultural energy consumption after its peak value are obtained. Finally, the trends of the energy 
consumption of Chinese agriculture are described.  
Figure 1 shows that the trend of petroleum is similar with the total trend. They were both in a stable 
developing phase from 1991 to 2000. The petroleum energy consumption was about 15 million-tons TCE. 
And the total energy consumption was about 37 million-tons TCE. But from 2001 to 2008 both of them 
rose quickly. The petroleum energy consumption rose from 19 million-tons TCE in 2001 to 27 million-tons 
TCE in 2008. In 2006, the petroleum energy consumption reached its peak value, 32 million-tons TCE. 
The total energy consumption rose from 41 million-tons TCE in 2001 to 60 million-tons TCE in 2008. In 
2006, the total energy consumption reached its peak value, 63 million-tons TCE. From 2001 to 2008, both 
petroleum and total energy consumption doubled. 
In figure 1, although the electricity energy consumption takes the smallest proportion of the total 
energy consumption, it has been growing steadily. The electricity energy consumption was about 6 
million-tons TCE in 1991 and it was accounted for 6.47%. But in 2008, the electricity energy consumption 
was about 16 million-tons TCE and it was accounted for 26.26%. Coal energy consumption experienced a 
bit down from 1998 to 2003. But in 2004, it returned to the 1991’s energy consumption level. From 2004 
to 2008, the coal energy consumption was about 16 million-tons TCE. From 1998 to 2003, the State 
Council shut down the small coal mines. So the productivity of coal declined and the coal energy 
consumption experienced a bit down from 1998 to 2003. 
According to the character of the developing process of the Chinese agricultural energy consumption, 
the DoseResp growth curve is adopted to fit the data of the energy consumption. And the DoseResp growth 
curve fits finely. Then the decline ratios of the energy intensity from 2010 to 2050 are set. The decline ratio 
of the energy scenario A is 1.5% and the energy scenario B is 1%. 
In the energy scenarios of A and B, the peak value of the energy consumption will appear in the year of 
2065 and 2067 respectively. And the peak values of the energy consumption are 148.73948 and 205.52559 
million-tons TCE respectively. When the curves return to a stable phase, the values are 120 and 180 
million-tons TCE respectively. The value of the energy consumption was 60.13 million-tons TCE in 2008. 
So the energy consumption of the stable phase will be 2 and 3 times as large as the 2008’s respectively. 
There are some suggestions for the development of the low energy consumption of Chinese agriculture. 
We must promote the policy mechanism’s innovation and the technological innovation vigorously. From 
the international experience, the development of agriculture must insist on promoting the low energy 
consumption agricultural technology, agricultural innovation and policy mechanism’s innovation. Firstly, 
technology and process innovation is the foundation for the development of the low agricultural energy 
consumption. From the current domestic and foreign status of the low agricultural energy consumption, 
Chinese agricultural technologies of the low energy consumption are energy saving technology for the 
traditional energy, the increasing technology of the energy efficiency, renewable energy technology and 
new energy technology. Secondly, we should promote the agricultural low energy consumption innovation. 
In addition to emphasis on the independent innovation, we should carry out the international technological 
cooperation. Thirdly, the policy mechanism’s innovation is essential to the development of the agricultural 
low energy consumption. The government should use economic instruments and administrative measures 
to restrict the development of the high energy consumption agriculture. The government should use the 
appropriate financial policies to guide, encourage and support the development of the low energy 
consumption. 
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